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ORIGINAL ARTICLES, 


PROBABLE DERIVATION OF THE TERRESTRIAL SPHE- 
ROID FROM THE RHOMBIC DODECAHEDRON. 


By RIcHARD OWEN. 


The objections to deriving our spheroid from the pentagonal 
dodecahedron, as undertaken by Elie de Beaumont, are pointed 
out by Professor A. de Lapparent*, of Paris. The present paper 
is designed to show that the rhombic dodecahedron seems to 
meet the requirements. 

I. NUMBERING THE FACES, OR RHOMBS, FOR IDENTIFICATION. 


Placing the geometrical solid on a table north of the observer, 
with any rhomb uppermost; but with its acute angles pointing 
N. and S., we can readily trace their correlation to given por- 
tions of our globe. 

(a) Middle Rhombs: 

No. 1. The upper horizontal face or rhomb. 

No. 2. The face resting on the table. 

No. 3. The perpendicular face nearest the observer. 

No. 4. The perpendicular face farthest from the observer. 

(b) Eastern Rhombs: 

No. 5. Upper right hand rhomb nearest observer. 

No. 6. Upper right hand rhomb further from observer. 
No. 7. Rhomb immediately 8S. of No. 5. 

No. 8. Rhomb immediately 8. of No. 6. 


*Traité de Géologie, pp. 1244-1247. 
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(c) Western Rhombs: 
No. 9. Upper left hand rhomb nearest observer. 
No. 10. Upper left hand rhomb further from observer. 
No. 11. Rhomb immediately S. of No. 9. 
No. 12. Rhomb immediately S. of No. 10. 

Rhombs 1, 2, 3, 4, are successively at right angles to each 
other; and if we call each 90° in its longer diameter, the four 
= 360°, and constitute the vertical G. C., the plane of which 
passes through the axis of daily rotation. The shorter diagonals 
and lineal ridges on the same scale are approximately = 60°, 
and being six in number, around the horizontally central plane 
= 360°, and form the equator or plane of daily rotation. 

II. TRACING THE CORRELATION BETWEEN THE TWELVE RHOMBIC 
FACES AND TWELVE AREAS OF LAND, OR WATER, 
OR BOTH, ON OUR GLOBE. 
A. Centres of rhombs are usually occupied by water or low 
land. 

No. 1 represents chiefly the Arctic O.; but, extending from 5° 
S. of the Aleutians, through the N. pole to the Alps, in about 
lat. 45° N., it includes Greenland and N. Europe. Its limits E. 
and W. are from Siberia, in lat. 60°, to same lat. in Hudson’s 
Bay: viz., 30° E. and W. of the N. pole. 

No. 2 contains the Antarctic O. and continent, with area same 
as No. 1. 

No. 3 has all Africa and S.E. Atlantic, besides part of the 
Mediterranean and S. Europe. 

No. 4 is entirely occupied by the Pacific Ocean and Oceanica. 

No. 5 takes in E. Europe and W. Asia. It has also along its 
greater central diagonal the Black Sea, Caspian and Aral de- 
pressions; also the Arabian S. in 8. 

No. 6 occupies E. Asia, with depressions at L. Baikal and the 
plains of China. 

No. 7 embraces the Indian O. 

No. 8, besides enclosing Australia, has a considerable oceanic 
area. 

No. 9, Eastern N. America to long. 82° W.; also most of the 
N. Atlantic. 
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No. 10, Western N. America, from long. of James Bay to Cali- 
fornia; besides a considerable portion of the N. Pacific O. 

No. 11, S. America and a large area of the S. Atlantic O. 

No. 12, S. Pacific O. with a few islands. 

B. Ridges of rhombs usually give rise to mountains and river 
sources; also sometimes to parallel valleys, with important 
rivers. 

On ridges between 1 and 5, we trace the Swiss, Pennine, Sty- 
rian and Noric Alps to Tatra, highest Carpathians. Between 1 
and 6, the Altai mountains. The ridge between 5 and 6 is 
crossed by the Himalayas, and sends a secondary prolongation 
into the Malay Peninsula. Near the junction of rhombs 3 and 5 
are the Julian and Dinaric Alps, the Apennines and Abyssinian 
mountains; between 3 and 7 Kilima Njaro and Kenia, a main 
axis continuing along Africa’s E. coast. Near the ridge con- 
necting 3 and 9, we find Mt. Atlas; between 9 and 10 occurs an 
exceptional depression, viz., Hudson’s and James’ Bay, the cen- 
tral lakes of the U. S. (the parallel valley of the Mississippi not 
far distant), finally the G. of Mexico. The Rocky mountains 
run somewhat parallel to the ridge between 9 and 10; but curve 
in the N. with the ridge between 1 and 10. The Andes are on 
ridge between 11 and 12. Finally, near ridge between 4 and 10 
we have the Sandwich Islands with volcanoes nearly 14,000 feet 
high; then between 4 and 8 New Zealand, with Mt. Cook 13,200 
feet, and volcanoes 6,000 to 8,000 feet. 

As regards rivers, the Orinoco and Amazon are approximately 
parallel to the equatorial ridge between 9 and 11, the Congo, 
also, to the short diagonal (equator) of No. 3. So, too, although 
somewhat beyond the tropical line, the Ganges, Brahmaputra 
and Yang-tse-Kiang are parallel to horizontal ridges between 5 
and 7, as wellas6and 8. The Nile flows somewhat conform- 
ably to ridge between 3 and 5, and the Mississippi to ridge 
between 9 and 10. 

C. Many of the Apexes are characterized by vicinity of vol- 
canic groups. 

There are, in the rhombic dodecahedron, 14 apexes: 6 of them 
have 4 angles converging to a focus, while 8 apexes have but 3; 
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total 24 + 24 = 48 angles. One of the former, the land pole, is 
surrounded by extinct volcanoes with several active near by; 
another, the pole of the water hemisphere, has all the volcanoes 
of N. Zealand close at hand. Two more have groups of the 
most active voleanoes on the globe, viz., near Quito and Suma- 
tra; the 5th apex is a few degrees S. of the Aleutian Islands: 
thus leaving the apex S. of the Cape of G. Hope, as the only 
convergence of 4 angles destitute of volcanoes. 

Of the 8 apexes formed by 3 converging obtuse angles, the 
two on the E. and W. of Rhomb No. 1 have no volcanoes; in No. 
2 occur Sarmiento and Erebus: in No. 3 Kilima Njaro and 
Kenia on the E., Fogo (C. Verd Isles) not far off on W.; in No. 
4 we find on the W. the voleanoes of Solomon Islands; on the E. 
those of the Marquesas (Ohiwao, etc. ). 


III. RHOMBS FACING EACH OTHER HAVE CONSIDERABLE SIMI- 
LARITY IN THE DISTRIBUTION OF LAND AND WATER. 


Thus No. 1 with Arctic O. and some land confronts No. 2, 
containing the Antarctic O. and continent. 

No. 3, with Africa and §S. Atlantic, is opposite No. 4, 
with the Central Pacific and Oceanica (a sinking or rising 
continent). 

No. 5, with E. Europe and W. Asia, part of the Mediterranean 
and of the Indian O., the Black, Caspian and Aral Seas, matches 
No. 9, with Eastern N. America, the N. Atlantic, Hudson’s 
Bay and the U. S. central lakes. 

No. 6, with E. Asia and part of the W. Pacific, confronts No. 
10, having Western N. America, and part of the E. Pacific in 
its rhomb. 

No. 7, the Indian O., matches No. 11, chiefly the S. Atlantic. 

No. 8, the S. W. Pacific, with Australia, mates No. 12, the S.E. 
Pacific, with some S. Sea islands. 

IV. THE DAILY ROTATION AND ANNUAL REVOLUTION SEEM TO 
HAVE DETERMINED THE CONFIGURATION OF LAND. 
1. The central extensions of continents all run parallel to the 


meridians and to the N. and 8S. lineal ridges: consequently to 
the axis of daily rotation. 
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2. The continental outlines run approximately in their mean 
trends parallel to the axis of annual revolution. 

Farther, when the solstitial colure (on 2lst June and Decem- 
ber) passes through the poles of the land and water hemi- 
spheres, the equinoctial colure marks at the equator the W. 
coasts respectively of Sumatra and Quito: the two intersections 


of the plane of daily rotation with the plane of annual revolution. 
NEW HARMONY, INDIANA, 


THE INFLUENCE OF FORESTS UPON THE RAINFALL AND 
UPON THE FLOW OF STREAMS.* 


By GEORGE F. SwAIn, 
Professor of Civil Engineering at the Massachusetts Institute of Technology. 


The subject of the paper is one upon which much has been 
written, and yet upon which there has been much difference of 
opinion, except as regards some well-known and very apparent 
facts. The effect of forests upon the flow of streams is gener- 
ally understood, in its broad aspect, if not in detail. But with 


regard to their effects upon the precipitation, writers have not 
yet succeeded in coming to an agreement. Upon a subject which 
has been so widely and so ably discussed, I cannot pretend to 
say anything new or striking, and I should not have ventured 
to present to this Association a paper on this topic unless I had 
been especially requested to do so by your Executive Committee. 

Before discussing the effects of forests upon rainfall, it will 
be necessary to briefly state the conditions upon which precipi- 
tation depends, and to consider the source of the rainfall. The 
source of our rain is, of course, principally the sea, and from 
the sea the moisture proceeds in a never-ending cycle, being first 
evaporated, then carried over the land, precipitated, and finally 
returned to its source. In some inland regions this cycle may 
exist independent of the ocean, some inland sea taking its place. 
But the cycle occurs nevertheless just the same. The seas, then, 
are primarily the source of our precipitation, and the amount of 
vapor brought from the sea to the land will depend upon the 








* A paper read Feb. 9, 1887, before the New Fngland Water Works Association. 
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evaporation from the surface of the sea, and upon the prevailing 
winds which blow over the region in question. From tropical 
seas the evaporation is large, and if this vapor is carried directly 
upon the land and exposed to conditions favorable to condensa- 
tion, abundant rains will be the result. 

Now what are the immediate causes of precipitation? All air 
contains vapor to some extent, but the maximum amount which 
it is able to contain depends upon its temperature. Thus the 
amount of vapor which a given weight of air, at a given press- 
ure, is able to contain at a temperature of 20° C. is about four 
times that which it can hold at a temperature of 0° C. Briefly 
stated, the entire phenomenon of precipitation depends upon a 
certain mass of air containing a given quantity of vapor, being 
cooled to such a temperature that it can no longer contain that 
vapor, the excess of which falls, therefore, as rain or snow. 
This cooling may be brought about in various ways—by the air 
being deflected upwards by a mountain range, by the mixture of 
two masses of air of different temperatures, or in other ways. 
Precipitation will, therefore, be increased by any agency which 
tends to cause a greater quantity of aqueous vapor to be brought 
to the region in question, or to effect the more complete precipi- 
tation of that vapor. Thus we are all familiar with the facts 
that the rainfall is in general greatest in the tropics,—in the 


quarters from which the prevailing winds blow,— near the coasts, 


and on hills and mountains. 

Now let us consider for a moment what becomes of the rain 
which is precipitated upon the land. Only a portion of it flows 
back to the sea, the remainder being evaporated on the way. 
There is thus a cycle within a cycle, and the aqueous vapor in 
the air of a given region is derived not entirely from the ocean, 
but partly from that source and partly from the trees, streams, 
and soil of the region itself. We have the vapor from the ocean 
carried over the land, reinforced as it goes by the evaporation 
from the land itself, precipitated and flowing back to the sea, 
but losing, as it flows, some considerable quantity by evapora- 
tion. Now considering that we have to do with an extended 
area, there seem to be only three ways in which the rainfall over 





Influence of Forests upon Rainfall and Flow of Streams. 295 


that area may be increased, viz.: Ist, by increasing the amount 
of vapor brought from the ocean; 2d, by increasing the amount 
derived by evaporation from the land; 3d, by the precipitation 
of a greater proportion of that which is carried jby the atmos- 
phere. Now it is not possible that forests can affect in any way 
the amount of vapor brought from the ocean; hence we,may dis- 
miss that from consideration. But it is very possible that they 
may increase or diminish the amount evaporated from the soil, 
and in this way affect the amount precipitated. For instance, 
suppose that the amount of precipitation over a large area is 30 
inches, of which 20 inches comes from the ocean and 10 inches 
from evaporation from the soil, rivers, ete. Evidently of these 
30 inches precipitated, 20 will flow off and 10 be re-evaporated 
and eventually be again precipitated. Now if in some way we 
can cause a larger evaporation from the soil, say, 20 inches in- 
stead of 10 inches, then we shall finally change the condition of 
things and have 20 inches coming from the ocean, 20 inches 
added from the land, and therefore a precipitation of 40 inches, 
and of these 40 inches, 20 inches will be re-evaporated and 20 
inches returned to the ocean. As already expressed, we have a 
cycle within a cycle, and in the process just described we have 
simply increased the quantity of water traversing the inner 


cycle. There has been no increase or decrease in the amount of 
water returned to the ocean, or in the amount of vapor brought 


from it, but simply an increase of the evaporation; we have added 
10 inches to the quantity annually evaporated and precipitated, 
completing its cycle independent of the ocean. Of course, such 
a change as here described could only be effected gradually, and 
until a permanent regime were established, the annual flow of 
the streams would be diminished. Thus, if the change just 
alluded to were accomplished in one year, the streams would in 
that year discharge only 10 inches instead of 20. 

Any cause, then, which increases the evaporation from the 
land may be reasonably supposed to increase the rainfall. 

We shall discuss farther on the effect of forests upon evap- 
oration, and shall see that their total effect is very uncertain; 
but an example may be noted here which illustrates the remarks 
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just made. It is commonly claimed that the rainfall of the 
prairie States, reaching as far west as the uncultivated grazing 
country of eastern Colorado, has been increased since the exten- 
sive settlement and cultivation of this region. It is stated that 
records at Fort Leavenworth show a precipitation of 30.96 inches 
during the nineteen years just preceding the occupation of the 
State by white settlers, and of 36.21 inches during the nineteen 
years just following such occupation.* That there has been a 
marked increase of rainfall seems to be the universal testimony 
throughout this region, and it is the opinion held by men of 
science as well as by the common population. Leaving out of 
consideration the question whether the evidence thus far ad- 
duced is sufficient to prove unquestionably the fact, such increase 
may be very easily explained in view of what has just been stated. 
Before the occupation by white settlers, the plains were the 
abode of Indians and wild beasts. Their surface was baked 
hard in the summer sun and trampled under the continual tread 
of herds of animals. The rain falling on this surface was rap- 
idly shed, where the ground was sufficiently inclined, and was 
quickly carried into the streams and discharged. The settle- 
ment of the country has been followed by the cultivation of 
the soil. The moisture precipitated is now retained upon the 
ground, allowed to percolate, absorbed by growing crops; a 
much larger proportion than before is evaporated, and springs 
long dry have become almost perennial. Naturally an increase 
of rainfall should follow these changes, and at the same time 
the flow of the streams should have become more regular. 
Probably the same total quantity of water is discharged by the 
rivers now as fifty years ago, but continued records, if they had 
been kept, ought to show that it is discharged more uniformly 
at present. 


The increase in the rainfall cannot, in the present case, be 
attributed to the influence of trees, for although orchards have 
been planted, and other trees grown as a protection against the 
wind and sun, yet there has been no appreciable increase in the 
total wooded area—at least none sufficient to account for the 
changes which it is claimed have occurred. 


* Science, 1885, page 12. 
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Thirdly, we saw that the rainfall could be increased by any 
influence causing the precipitation of a greater proportion of 
the vapor in the atmosphere, such as a change in the mean 
annual temperature. If a region becomes colder, the change 
would tend to produce an increase in the rainfall; if warmer, 
the reverse—unless the change were great enough and the area 
large enough to influence the winds of the globe, in which case 
the resulting change in rainfall might be different in different 
cases. This influence on temperature is the only one which is 
of sufficient importance to be considered in this connection. 
Later investigations on the effect of woods upon temperature 
are in tolerable agreement. In the first place, forests impede 
the circulation of the air, thus diminishing evaporation from any 
moist surface; and if the winds are cold, they render the cold 
less sensible. Examples are cited by Marsh showing how the 
removal of forest, and the consequent exposure to prevailing 
winds, has been accompanied by a considerable climatic change, 
which is different, however, according as the winds which the 
forests shield against are cold or warm. But however impor- 
tant this function of the forest as a shield against the wind may 
be with regard to agriculture, it may be dismissed from con- 
sideration in connection with the question of precipitation. 
Regarding the general effect of forests on the mean annual 
temperature, Marsh says, “It seems probable that in every par- 
ticular case the result is, if not determined, at least so much 
modified by local conditions which are infinitely varied that no 
general formula is applicable to the question,” and he quotes 
Gay Lussac’s remark that “we have not yet any positive proof 
that the forest has in itself any real influence on the climate of 
a great country, or of a particular locality.” Later experiments, 
however, of Beckquerel, of Boussingault, and especially of Eber- 
mayer, tend to show that forests do exert a slight frigorific tend- 
ency, and that the mean temperature of cleared land in the 
tropics and in temperate zones is about one degree Centigrade 
above that of the forest. Ebermayer found that in winter the 
effect of woods was very small, but that at night the woods were 
much warmer than the cleared ground. 
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Although this influence of the forests upon temperature, by 
bringing the air nearer to its point of saturation, may reason- 
ably be supposed to have some effect upon the precipitation, it 
can scarcely be expected that such effect will be very great. 
The precipitation of vapor takes place in the clouds, not in the 
woods, except to a very small extent, and inasmuch as forests 
increase the temperature at some hours of the day, and decrease 
it at others, their effect being moreover very much greater at 
some seasons of the year than at others, it seems scarcely prob- 
able that a difference of 1° C. in the mean annual temperature 
can be of any great—perhaps not of any perceptible—influence 
on the total annual rainfall. 

It would seem, therefore, that while forests may, by lowering 
the average temperature, induce at times some slight increase 
in precipitation, yet their principal effect must be sought by 
tracing their effects upon the evaporation; and that if it can be 
definitely shown that they appreciably increase this, it will rea- 
sonably follow that they increase the rainfall. It may be noted 
here that the experiments of Ebermayer showed that the abso- 


lute humidity of the air was almost precisely the same within a 


forest as without, in each season and month, as well as on the 
average through the year. The relative humidity, however, was 
greater in the forest, particularly in the summer, when its tem- 
perature is most perceptibly lowered. This effect is of course 
due in part, if not wholly, to the fact that as the mean tempera- 
ture of the air within forests is lower than without, the same 
amount of vapor will bring it nearer to the point of saturation. 
Should it ever be proven that the effect of forests is to diminish 
or not to affect the total evaporation, it will be extremely diffi- 
cult to conclude that they can appreciably increase the mean 
annual rainfall. 

Let us now briefly consider what grounds are usually given 
in proof of the statement that forests increase the rainfall. 
The most frequent argument advanced is the fact that the 
removal of forests has been accompanied by a drying up of 
springs, a lowering of streams, and a diminution of the power 
at different mill privileges. Marsh well expresses the facts as 
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follows: “In writers on the subject we are discussing, we find 
many positive assertions about the diminution of rain in coun- 
tries which have been stripped of wood within the historic 
period. But these assertions very rarely rest upon any other 
proof than the doubtful recollection of unscientific observers, 
and I am unable to refer to a single instance where the records 
of the rain-gauge, for a considerable period before and after the 
felling or planting of extensive woods, can be appealed to in 
support of either side of the question. The scientific reputa- 
tion of many writers who have maintained that precipitation has 
been diminished in particular localities by the destruction of 
forests, or augmented by planting them, has led the public to 
suppose that their observations rested on sufficient proof. We 
cannot affirm that in none of these cases did such proof exist, 
but I am not aware that it has ever been produced. * * * * 
The effect of forests on precipitation, then, is by no means free 
from doubt, and we cannot positively affirm that the total annual 
quantity of rain is even locally diminished or increased by the 
destruction of the woods, though both theoretical considerations 
and the balance of testimony strongly favor the opinion that 
more rain falls in wooded than in open countries. One impor- 
tant conclusion, at least, upon the meteorological influence of 
forests, is certain and undisputed, the proposition, namely, that 
within their own limits, and near their own borders, they main- 
tain a more uniform degree of humidity in the atmosphere than 
is observed in cleared grounds. Searcely less can it be ques- 
tioned that they tend to promote the frequency of showers, and 
if they do not augment the amount of precipitation, they prob- 
ably equalize its distribution through the different seasons.” 
These last conclusions of Marsh, however, cannot yet by any 
means be considered as proven. 

Marsh proceeds to say that the strongest evidence to which he 
can refer, in support of the proposition that the woods produce 
an increase of rainfall, is furnished by the observations of Ma- 
thieu, sub-director of the forest school at Nancy. His measure- 
ments, continued for three years, from 1866 to 1868, show that 
during that period the mean annual rainfall in the centre of the 
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wooded district of Cing-Tranchées, at Belle Fontaine, on the 
borders of the forest, and at Amance, in an open, cultivated ter- 
ritory in the same vicinity, was respectively as the numbers 
1000, 957, and 853. Fautrat and Sartiaut placed at an elevation 
of six meters above a grove of oaks and elms of twenty years’ 
growth and eight or nine meters height, pluviometers and other 
meteorological instruments, and like instruments at the same 
elevation in the open ground, 300 meters from the forest. In 
the months from February to July inclusive, the rainfall above 
the trees was found to be 192.5 millimeters, and, during the 
same period, 177 millimeters in the open ground. In regard to 
experiments such as these, it is to be remembered that rain- 
gauges placed at a certain height above a forest would not be 
comparable with those placed at the same elevation on open 
ground. That is, a gauge at an elevation of 100 feet, or, say, 20 
feet above a forest, would not be comparable with one at an ele- 
vation of .100 feet above the open ground. Experiments have 
shown that a gauge on a level with the ground may collect six 
per cent. more rain than one a foot above the ground, while a 
difference of from 10 to 15 per cent. may exist between a gauge 
at the level of the ground and one 20 feet above it. Now, if a 
gauge be placed 20 feet above a forest, aside from the fact that 
the tops of the trees will not be level by any means, yet the top 
of the forest will, to some extent, be equivalent to the ground, 
and the gauge will be in some degree similar to one 20 feet 
above the ground, and not 100 feet. At any rate, two gauges at 
the same absolute height will not be comparable, and when such 
differences as 10 or 15 per cent. are noted between gauges at 
slightly different elevations, it would seem to be entirely unsci- 
entific to attribute much weight to observations such as those 
which have been quoted. 

Again, the drying up of springs or the apparent diminution 
of water in streams is entirely inadequate to prove that the cut- 
ting down of forests has in the slightest degree diminished the 
rainfall. It is well known that forests are great regulators of 
the flow of streams, that they feed the springs and diminish the 
frequency and violence of inundations. But that their destruc- 
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tion actually diminishes the total quantity flowing off has never 
been proved, and would indeed be a difficult thing to prove. Sir 
G. Wex, in a work entitled “ Ueber die Wasserabnahme in den 
Quellen, Flassen und Strémen, bei gleichzeitiger Steigerung der 
Hochwasser in den Culturlandern,”’— translated and published 
by the Bureau of Engineers, U. S. A., has undertaken to prove 
that the average stage of certain large rivers in Europe has 
gradually decreased; and he attributes this to the felling of the 
forests. On the other hand, Hagen, well known as the most 
eminent hydraulic engineer of Germany, has investigated the 
question, and by means of an elaborate mathematical analysis, 
arrived at the conclusion that the observations do not show that 
the average slage of the water is falling on any stream but the 
Elbe.* But even these discussions are of slight value with ref- 
erence to the question whether the total annual discharge is 
increased or not, because they are based simply on observations 
of the gauge readings. Now it would be a very possible thing 
for the average gauge reading at a certain station to be less this 
year than last, and yet for the total quantity discharged to be 
greater this year than last. The flow at any given time depends 
not only on the gauge readings, but on the slope of the water 
surface, which may be very different according to circumstances, 
with the same gauge readings. In fact, Humphreys and Abbot 
found that, at a certain station, the Mississippi River discharged 
at one time 50 per cent. more water than at another time although 
the height of water was precisely the same in the two cases. 
When a river is rising, the discharge is larger than when it is 
falling, with the same height on the gauge. Now the effect of 
removing the forests is to increase the suddenness and violence 
of floods. And since a flood wave is always very much steeper 
on the front side than on the back, it is by no means impossible 
that the quantity of water passing during a flood may be greater 
than that deduced from the gauge readings, notwithstanding the 
fact that the rise takes place more rapidly than the fall. Obser- 
vations on gauge readings alone, then, are of little or no value 
in proof of the assertion that the total annual discharge of a 





* Zeitschrift fur Bauwesen, 1881, pp. 18 to 26. 
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stream is increasing or decreasing, unless the increase or de- 
crease were much greater than could reasonably be attributed to 
the influence of woods alone. Nor would daily and accurate 
measurements of the flow itself suffice to prove a change in the 
rainfall, for, as we shall see presently, the conditions affecting 
the relation between rainfall and discharge are numerous and 
complex, and an increase in the rainfall might even be under 
certain circumstances accompanied by a decrease in the total 
discharge of the streams. 

The same remarks may be made regarding the comparative 
frequency and height of inundations. Especially in this coun- 
try, popular deductions are often made on insufficient data. 
Inhabitants along the banks of a stream conclude that their 
river is becoming more variable, or that it is discharging a 
greater quantity of water, because for a few successive years 
freshets are more frequent and more violent than usual. But 
meteorological phenomena are easily forgotten, and lose in vivid- 
ness as they recede in time; and if the records of past years on 
that same stream could be consulted, it would very likely be found 
that many years ago there had been even more violent freshets 
than those of recent years. If we take the records of high 
water which happen to be at hand regarding the Ohio River, we 
might conclude that a gradual change was taking place in its 
flow, because since 1860 the high water mark had seemed to show 
a progressive rise culminating in the disastrous freshet of two 
years ago; and if we were particularly imaginative we might 
hasten to draw the conclusion that this was due to the destruc- 
tion of forests on the drainage basin. But if we look further 
back, we shall find that in 1832 there was a freshet which rose 
to within a few feet of the high water mark of two years ago, 
and the probability really seems to be that the destruction of 
woods in the Ohio basin has thus far had but very little effect, 
if any, upon the flow of the river. 

Cases are sometimes cited of islands of comparatively small 
area on which the destruction of forests has been followed by a 
drying up of the springs and a diminution of the rainfall. But 
here, again, no measurements are at hand on which to found the 
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statement regarding the rainfall. For instance: Dr. Rogers, of 
Mauritius, gives this testimony: “So late as 1864, the island was 
resorted to by invalids from India, as the ‘pearl’ of the Indian 
Ocean,—it being then one mass of verdure. But, when the 
forests were cleared to gain space for sugar-cultivation, the rain- 
fall diminished, the rivers dwindled down to muddy streams, the 
water became stagnant in cracks, crevices, and natural hollows, 
while the equable temperature of the island entirely changed, 
drought was experienced in the midst of the ocean, and thunder 
showers were rarely any longer witnessed. * * * The hills 
were subsequently planted with trees, and the rivers and streams 
resumed their former dimensions.” 

Again, it is stated that the Island of Ascension was formerly 
almost a barren rock. The supply of water was very scanty, 
derived solely from a few springs, and water was often brought 
from the Cape of Good Hope and even from England for the 
needs of the garrison. About twenty-five years ago, the plant- 
ing of trees and shrubs and the cultivation of the soil were 
vigorously undertaken, as a result of which the water supply is 
said to have increased until now it it is excellent, and the gar- 
rison and ships visiting the island are supplied with an abun- 
dance of water.* But here, again, it may easily be the case that 
the rainfall has really not been changed, and that the absence 
of forests was simply accompanied by a very variable character 
of the rivers, which at times were torrents and so highly charged 
with sediment as to be entirely unsuited for use, while at others 
they were practically dry. 

The last instance which I will bring to your attention is that 
cited by Marsh from Boussingault. The rivers which rise within 
the valley of Aragua, having no outlet to the ocean, form by 
their union the Lake of Tacarigua, or Valencia, about seven 
miles long. The waters of this lake had for many years been 
retreating, new islands made their appearance, and many sup- 
posed that a subterranean outlet permitted the discharge of the 
water to the ocean. Humboldt, however, ascribed the diminu- 
tion of its waters to the cutting down of the woods. Twenty- 





* Popular Science Monthly, 1881, page 177. 
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two years later, the valley was again explored, and it was found 
that the waters of the lake were rising. During the interval 
which had elapsed the valley had been the scene of war; plan- 
tations had been abandoned, and the forest, which grows so 
rapidly in the tropics, had soon recovered a large proportion of 
the soil. It was at once concluded that this re-foresting of the 
valley was the cause of an increase of rainfall, and thus of the 
increase of the waters of the lake. It can easily be shown, 
however, that other causes than a change of rainfall may have 
produced these effects. It is only necessary to imagine that the 
evaporation from the lake had been altered; and it would no 
doubt be perfectly possible to frame a hypothesis based upon 
the known effects of woods in shielding from the winds, and in 
diminishing the violence of freshets and the sudden discharge 
of the rainfall, which might account for the changes which have 
been noted. 

We see, therefore, that it is extremely difficult to prove that 
the forests increase the rainfall, and that all indirect arguments, 
such as those which we have discussed, are not in any sense 
conclusive. The difficulties in the way of any more direct proof 
would be, as Prof. Niles well pointed out in a recent address on 
this subject, even more difficult. Suppose it were desired to 
attempt a proof of this matter by direct rain-gauge observations. 
It would not do to simply compare rain-gauges in a wood and 
out of it, even if at a uniform height above the tops of the trees. 
A clearing would be necessary, and a large clearing, so that the 
effect of the wind might be as far as possible eliminated. Then 
a large extent of woods must exist; we must have a clearing in 
a large forest; but in this case the rain-gauge with which the 
forest rain-gauge would be compared would have to be located 
at some distance, and the topographical difference between the 
two sites might well account for any difference in the rainfall 
observed. It is pretty certain that the rainfall would not be the 
same at the two places, and it would not follow by any means 
that it was because of the influence of the forest. A more exact 
method would be to have gauges in such a forest, and then 
gauges in the same place after the removal of the forest, and to 
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conduct a long series of measurements extending over fifty or a 
hundred years. Yet even here the well known general influence 
of forests on the winds might be sufficient to account for any 
observed difference, while a secular change in the rainfall, or a 
long wave of increase or decrease, would render the results 
valueless as indicating the effect of the forest itself. 

The conclusion, therefore, to which I think we must be forced 
is that we have as yet no proof that forests influence the mean 
annuai rainfall, though it is not improbable that they may have 
some appreciable effect. And it is to be remarked that, in prac- 
tice, in considering the effects of a removal of the woods, we 
have not to compare a region covered with forests and one en- 
tirely destitute of vegetation, but that when the forests are 
destroyed there generally remains a growth of underbrush, or 
a second growth soon springs up, or the forests are replaced by 
fields of grain or pastures of grass, which, as regards rainfall, 
may have nearly if not quite as great an influence as the forest 
itself. 

Risler concluded that although woods evaporated more than 
the open ground, yet they evaporated much less than ground cov- 
ered with grass. It is the neglect of this fact that often leads us 
to attribute to the forests effects due to entirely different causes. 

The conclusions arrived at by different authorities may be 
quoted as follows: Marsh says: “So far as we are able to sum 
up the results, it would appear that in countries in the temper- 
ate zones still chiefly covered with woods, the summers will be 
cooler, moister, shorter, the winters milder, drier, longer, than 
in the same regions after the removal of the forest, and that the 
condensation and precipitation of atmospheric moisture would 
be, if not greater in total quantity, more frequent and less vio- 
lent in discharge. The slender historical evidence we possess 
seems to point to the same conclusion, though there is some 
conflict of testimony and of opinion on this point.” 

Ebermayer says: “The woods probably affect the rainfall, only 
in so far as they increase the relative humidity of the air, and 
bring the latter nearer to its point of saturation, so that with a 
fall of | acces in the woods a partial precipitation of the 
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moisture takes place more easily and in greater quantity than 
on unwooded ground.” Ebermayer thus considers the effect of 
woods on evaporation to be practically nil, otherwise he could 
not have failed to see the relation between this and the precipi- 
tation. He goes on to say that “in level regions of uniform 
character, the influence of forests on rainfall is at any rate very 
small, and they have no effect on the proportional distribution 
through the year. With increase of elevation above the sea, the 
importance of the effect of woods on the rainfall increases, and 
the woods are therefore of more value in mountains than on 
plains. * * * The cutting down of forests will at any rate 
affect principally the rainfall in the summer months only.” 

A special committee of the Royal Academy of Vienna, report- 
ing in 1874 upon Wex’s deductions, said: “The question of the 
influence of forests upon the amount of precipitation has for 
some time engaged the attention of naturalists. Such an influ- 
ence has been asserted partly from theoretical considerations 
and partly on account of the entire change presented by the 
climatic relations of the countries in which the forests have dis- 
appeared. * * * Itis probable that such influence exists, 
but while, on the one hand, its consequences may be over-esti- 
mated, on the other hand, there is want of direct proof.” The 
commission consequently concluded that an influence of the 
woods upon the rainfall is probable, although direct observation 
does not give sufficient evidence to determine its extent or even 


positively its existence. 
[TO BE CONTINUED. | 


TORNADOES AND DERECHOS. 


By Dr. Gustavus HINRICHs, 
Director Iowa Weather Service. 

I almost regret having accepted the editors’ invitation to 
contribute an article to the AMERICAN METEOROLOGICAL JOUR- 
NAL on Tornadoes. This regret is not due to a lack of material; 
for we have had a few notable phenomena of this kind in Iowa 
during the thirteen years since the Iowa Weather Service was 
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founded, and during which it has been managed by me. Indeed, 
according to Signal Service authority,* Iowa is credited with 
over a hundred tornadoes for this period of time; but fortu- 
nately for our people, a goodly number of these tornadoes have 
never existed outside of the archives and publications of the 
Signal Service, and a great many others were simulations. The 
real difficulty of writing on this subject consists in the fact that 
two radically different phenomena are described and officially 
catalogued under the name of tornado. Although I have 
years ago called attention to this fact, the practice is still con- 
tinued. While this very fact makes it practically imperative to 
publish a brief article on this subject, I cannot help regretting 
that my contribution will necessarily have many characteristics 
of a preliminary publication. But at the present time, when so 
many rush into print at very short notice, | may be permitted 
to present an outline of the mechanism of our most notable 
atmospheric disturbances, the tornadoes and derechos, a subject 
which has occupied my attention for many years. 


HISTORY OF THE DERECHO. 


2. Even before organizing the first State Weather Service in 
this country, I had noticed some of the peculiarities of the storm 


July 3 
1877. 


we Raimfate St 


which I now propose to call the Derecho. The first publication 
of the map of such a storm was that of July 31, 1877, in the 
Special Bulletin, No. 1, a quarto sheet, printed in two colors— 





* Finley: “The Tornadoes of Iowa.” Washington, 1888. Table III. 
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map red, storm details in black—by use of the electric pen. 
The descriptive part was reprinted on pages 30 and 31 of the 
Iowa Weather Report for 1877; the map was afterwards re- 
drawn to obtain a photo-electrotype, which was first published 
in my “Annual,” issued for New-Year, 1882, and reprinted on 
page 12 of the Iowa Weather Report for 1882, and is inserted 
above. A brief characteristic description accompanies this map. 
A more elaborate characteristic of these storms was given in 
the June Bulletin of 1881, pp. 34-35, and reprinted on pages 
272 and 273 of the Iowa Weather Report for 1881, under the 
name of “Iowa Squalls.” It was also furnished the newspa- 
pers of Iowa in July, 1881, and thus widely made known in 
Towa. 

3. In the first publication of 1877 I used no specific name, 
while in these latter publications of 1881 and 1882 I employed 
the term “Squall” to designate this storm. I used the term 
also in describing the storms of this character of July, 1883, 
before the American Association for the Advancement of Sci- 
ence at Minneapolis in August, 1883, where I exhibited the 
corresponding general map (here inserted) of these storms and 
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the tracings of the self-registering instruments of my observa- 
tory, since reprinted in the Iowa Weather Report for 1883, on 
page 120; and before that in my third biennial Report (admin- 
istrative), of October, 1883. 

4. I have always been inclined to consider the storms here 
referred to as a specifically distinct form of atmospheric 
disturbance. When first recognizing the same, I supposed 
it to be described in some of the meteorological works or 
journals. 

The admirable paper of Dr. W. Koeppen in Hann’s Zeit- 
schrift (Vol. XIV, 1879, pp. 457-478,) induced me temporarily 
to adopt the name of “Squall” for these storms, for want of 
anything better, and because I did not yet feel inclined to assume 
the responsibility of introducing a new term, though I generally 
specified the same as Iowa squalls. 

5. But after continued study and comparison of personal ob- 
servations in the field and in the observatory, as well as after 
the charting of a great many of these storms in Iowa, and con- 
sidering the continued confounding of the same with the tornado, 
I have for a long time deemed it both wise and necessary to 
introduce a specific term for the truly specific phenomenon under 
consideration. Since the “Twister of the Prairies” has been 
named the tornado, I propose to call the peculiar “Straight 
Blow of the Prairies” the derecho; (Spanish, in analogy with 
the word tornado). 

6. It may be objected that the term squall might answer, and 
that a new term is superfluous. In that case the term tornado 
should also be discarded, and the more general term of “cyclone” 
used for all allied phenomena, from a waterspout and a dust- 
whirl raising withered leaves into the air, to the grand circula- 
tory motions traversing the seas and continents. Such looseness 
in the use of terms is but the outgrowth of superficiality in 
thought and knowledge. Nothing is more necessary in science 
than the recognition of specific forms of phenomena and the 
application of specific terms to the same. Upon further 
study, generic relations of these specific forms may properly 
be indicated by more general terms. The derecho is as 
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thoroughly marked a specific atmospheric disturbance as is 


the tornado. 
TORNADO AND DERECHO DESCRIBED. 


7. By giving a descriptive definition of these two forms of 
prairie storms the above position will be completely established. 

8. The tornado, or “twister of the prairies,” is a powerfully 
lifting column of violently revolving air, describing a narrow 
path of destruction as it moves along the earth’s surface in a 
northeasterly direction; it is surmounted by a cloud, from which 
the column seems to hang down. Its track is generally marked 
by stakes driven into the ground beyond where it has destroyed 
buildings, these stakes being the longer fragments into which 
the tornado has torn such buildings. 

9. The derecho, or “straight blow of the prairies,” is a power- 
fully depressing and violently progressing mass of cold air, 
moving destructively onward in slightly diverging straight lines, 
(in Iowa) generally towards the southeast, with its storm-cloud 
front curving as the storm-lines diverge. The barometer bounds 
upwards and the thermometer falls greatly under the blow of 
this cold air of the upper strata suddenly striking the ground. 
The derecho will blow a train of cars from its track, unroof, over- 
turn and destroy houses; but it does not twist the timbers into 
splinters and drive these firmly into the hard soil of the prairie. 

10. Both of these prairie storms are markedly intermittent 
in their character. The fornado at intervals in its path draws 
in lateral currents of destructive violence, and frequently rises 
in the air, and thus interrupts its path of destruction. The 
derecho in its forward and downward sweep also strikes with 
exceptional violence at considerable intervals of time and space 
apart. 

11. The forward motion of the tornado is small in comparison 
to the rotary motion that causes its destructive effects. The 
forward motion of the derecho averages about twice the pro- 
gressive motion of the tornado; but the most destructive effects 
of the derecho are due to the locally more violently down and 
forward striking masses of the same. 

12. The entire track of a tornado may be compared to the 
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storm-front of the derecho at a given instant of time, though 
the length of the storm-front of a derecho generally largely 
exceeds the length of a tornado track. As the storm-front of 
the derecho sweeps onward and spreads laterally over the prai- 
ries, it is plain that the derecho is by far the most extensive of 
these two prairie storms. Per contra, the tornado, in its narrow 
track, is by far the most intensive of these two storms. 

13. Both the tornado and the derecho are violent disturb- 
ances in the atmosphere whereby a highly unstable equilibrium 
is suddenly changed into a stable equilibrium. Both storms 
last but a very short time at any given point, and both are fol- 
lowed by a refreshing, comparative calm, free from oppressive 
sultriness that preceded them. 

14. Heavy rain, thunder and lightning, and hail may be asso- 
ciated with either of these storms. 

15. Mechanically speaking, the tornado is due to the local 
up-rushing of the hot and moist southeasterly stratum into the 
cold and dry northwesterly stratum above the same, while the 
derecho results by the cold and dry northwesterly striking ob- 
liquely downward, and displacing the hot and moist southeast- 
erly current, generally by striking under the same. 

16. The annual period of these two storms is very marked, 
and has a strong bearing on the mechanical causation of the 
same. In the cold months, neither of these storms occur. 
Sudden heated and moist spells in April may cause tornadoes 
in Iowa, and for this State the rising tornado season continues 
for three months, ending about July 4th, being most intense in 
June. Meanwhile, derechos may have occurred, and for mid- 
summer (say July and August) they are the only storm forms 
by which the unstable equilibrium of the atmosphere is sud- 
denly restored to a stable equilibrium in Iowa. In September 
and October we may again have the tornado form in Iowa, while 
I know of no authenticated tornado having occurred in Iowa 
during the five months from the beginning of November till 
the beginning of April. 

17. The tornado months of Iowa are for the rising season, 
April, May and June; and for the falling season, September and 
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October, as I have repeatedly shown in official publications of 
the Iowa Weather Service. The danger in May and September 
is not serious. 

18. Tornadoes, therefore, appear to form only in a moist, 
heated stratum of moderate height, while the derecho forms by 
preference when this stratum is the highest. 

19. It is well known that severe tornadoes occur in the south- 
ern States during the winter season, and in Minnesota during 
our midsummer. These facts harmonize with the annual period 
in Iowa. 

20. I shall at another time consider the general mechanism of 
the more extended storms or cyclones proper. 

21. At this place I may be permitted to make the following 
comparisons: 

The most notable storms of Iowa are the blizzard, the tornado, 
and the derecho. The blizzard is a winter storm, and pro- 
gresses from the northwest till it generally sweeps over the 
entire State and adjacent parts of the Northwest. Its cold air 
is surface air of colder regions. 

The derecho is a summer storm, in its mode of progress and 
in some other features resembling the blizzard, but in compari- 
son is very much restricted in its extent, and confined to definite 
limits; its cold air comes down from higher strata of the atmos- 
phere, and not from a higher latitude simply. During three 
months ( April to June) of the rising, and two months (Septem- 
ber, October,) of the falling season, we may have tornadoes in 
Towa. 

22. Careful study of facts will readily reveal a corresponding 
periodicity for other parts of our country. 

As in Iowa, so in a belt passing east and west through the 
Mississippi Valley, the tornado season will be found to be inter- 
rupted by a midsummer spell of no tornadoes, during which 
more or less marked and extensive derechos will result from the 
upsetting of the unstable equilibrium produced by the sun’s 
heat. 

But it will be impossible to establish this conclusion until we 
shall have reliable data of actual tornadoes from these regions. 
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Lists giving all sorts of storms and mere cloud phenomena, inex- 
tricably mixed up with genuine tornadoes, cannot form the basis 
of any scientific study whatever. 

23. Having now presented an outline of the most important 
forms of the destructive summer storms of our prairies, we are 
ready to enter upon the more critical and special consideration of 
the same. In this paper we shall mainly devote our attention to 
tornadoes, using our knowledge of the derecho merely to recog- 
nize and remove such storms from the tornado lists before the 
public. In a future paper I shall endeavor to give more com- 
plete description of derechos from the abundant material which 
I have at hand. 

FINLEY’S TORNADOES IN IOWA. 

24. The climate of Iowa has been most outrageously maligned 
both by thoughtless or sensational newspaper correspondents 
and by official and semi-official publications of the Signal Ser- 
vice in ascribing to Iowa an excessive tornado frequency. Both 


of these ever-grinding tornado mills for Iowa have furnished 
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abundant material for frightening people from settling in Iowa, 
and for coaxing residents of Iowa into the thriving tornado in- 
surance institutions of both the East and the West. The more 
pretentious advertising sheets of these companies are embel- 
lished by truly frightful maps, “taken from the records of the 
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Signal Service Bureau of the United States Army,” which show 
the valleys of the Missouri and Misissippi in the latitudes from 
35 to 45 degrees to be an almost unbroken mass of dark tornado 
patches. See the cut reproducing one page of a tornado adver- 
tisement of the Phoenix, of Brooklyn, N. Y., of 1882 or 1883. 

25. These publications have recently been followed up by 
John P. Finley’s tornado maps for the several states, which are 
worse than even the sensational advertisements of the tornado 
insurance concerns. 

As the author’s position in the Signal Corps is given under 
his name on the title-page, and as in the preface he assures us 
that “the information presented in this manual is the result of 
many years of labor, collated under the supervision of the Gov- 
ernment, and published with the permission of the Chief Signal 
Officer of the Army,” the tables and maps are intended to be 
taken by the public as deserving confidence, as exposition of 
facts. 

26. If this were not already bad enough, the author, Lieuten- 
ant John P. Finley, in the same preface to his Iowa Tornadoes, 
intimates that the tornado story has not been half told; for he 
says: “It cannot be assumed that the accompanying tables con- 
tain the record of every tornado that has actually occurred in 
the State of Iowa during the past fifty-one years, but it may be 
said that all available sources of information have been ex- 
hausted.” 

27. The trouble is that these sources of information “have 
been exhausted” without using ‘scientific criticism, and the 
result is the publication of Iowa tornadoes that had no existence 
whatever in fact. There are long drawn tornado tracks on Fin- 
ley’s map along which a tornado never traveled. 

While it is perfectly true that for lack of data of observation 
no one can record and map all tornadoes that may actually have 
occurred, it is certainly improper to publish as tornadoes other 
storms or entirely harmless phenomena. 

28. I here give a reduced copy (half size of the original) of 
Finley’s tornado map of Iowa, referred to. I have added the 
order number from his Table III, so far as I was able to iden- 
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tify the tornado line on the map with any number on the table. 
It should be observed that Finley has not numbered the torna- 








does in his Table III; but for reference it was necessary to 
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29. It sounds almost like irony when the card of the pub- 
lisher of this map says that “Every person will be interested 
in ascertaining where he can go to escape them” (the torna- 
does). For the map shows only a few counties in middle south- 
ern Iowa as really free from tornadoes,— that is, the land of the 
so-called “ Hairy Nation.” Next to that, the northeast of Iowa 
is the most free from Finley’s tornadoes. 

30. The county of Johnson, in which is located this Central 
Station, and where I have resided for nearly thirty years, seems 
to be specially threatened by tornadoes, according to Finley’s 
map. For in addition to tornado 9 (August 15, 1858), the entire 
county is shown to have been traversed by the track of No. 2 
(June 17, 1843), which is drawn through six counties and is 
over one hundred miles long, in an unbroken straight line. 
Neither of these Signal Service tornadoes ever occurred in 
fact. 

31. Again, the apparently terrible track of No. 13, drawn 
over one uundred and twenty miles in an unbroken straight line 
through six counties, runs within ten miles of Johnson county; 
and by the way, this No. 13 is in Table III credited to May 22, 
1873, a tornado which is very carefully described by Sergeant 
James Mackintosh, whose valuable report may be found on 
pages 1047 to 1097 of the Chief Signal Officer’s Report for 1873. 
From the data there given I have plotted the track of this tor- 
nado, as will be found on my map (§74); it forms a most 
remarkable, curved track, entirely confined to the two counties 
of Keokuk and Washington. It measures, at most, sixty miles 
in length, from beginning to end. It is strange indeed that 
Lieutenant Finley, while “exhausting all available sources” of 
the Signal Service, should have overlooked the report of his 
fellow officer, and converted a most remarkably curved tornado 
track of less than sixty miles into a straight track of over twice 
that length, and running clear through three additional counties 
in which no tornado occurred at all at that time! It is, indeed, 
mortifying to be compelled to point out such outrageous blun- 
ders, which seem to have but one result, namely, that of causing 
sensational fright to our own people, driving them into expen- 
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sive tornado insurance, and to scare eastern people from coming 
to Iowa. 

32. Further, the tornado track corresponding to Nos. 64 and 
65, and extending in a straight line unbroken for a distance of 
one hundred and forty miles southeastward, strikes our county 
of Johnson in its southwestern corner. These numbers answer 
to the date of June 17, 1882, the Grinnell tornado, about which 
further on; but it may be said right here, that there was no 
tornado track like the one represented at all, that no tornado 
traversed the whole or part of Iowa county, just west of John- 
son, and that of course no tornado occurred in Johnson county 
on that date. The little tornado track, No. 83, some twenty 
miles Jong, also has a threatening course towards Johnson 
county, but as the same has nothing but a thunder-storm for its 
basis, we shall say nothing further about it. 

33. The tornado track, No. 81, one hundred miles in length, 
comes also within ten miles of Johnson county; it has been 
drawn through six counties, traversing two of these completely. 
The corresponding date is July 4, 1884. On that date there was 
a minute tornado in Hardin county, recorded as No. 78 in the 
table of Finley, and entered under this number on his map. 
But there was no tornado whatever to correspond to track No. 
81; this hundred-mile tornado track which indicates that many 
miles of devastated territory, destroyed houses, killed and 
maimed people, is one of the many meteorological calamities 
that have fortunately never existed outside of the Signal Office 
at Washington, and it is greatly to be regretted that they have 
not been confined to the same. 

34. By thus considering the pretended tornado tracks in and 
around Johnson county, and showing not only how utterly de- 
void of value the Signal Service tornado map is, but also how 
grossly and absurdly everything has been magnified, even in 
absolute conflict with the official published reports of the spe- 
cial investigators of the Signal Corps in the field, we may be 
excused from further general consideration of this tornado map 
and tornado table of the Signal Service. 


[TO BE CONTINUED.] 
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NEW ENGLAND METEOROLOGICAL SOCIETY. 

The fifth annual meeting of this Society was held at Boston 
October 16, 1888. ‘The routine business consisted of the elec- 
tion of officers for the coming year (the former Council being 
re-elected ), the reading of the Treasurer’s report, which showed 
a small balance in the treasury, and in the reading of the annual 
report of the Council. The latter report gave with considerable 
detail an account of the work of the year. From it, we learn 
that the Society has been obliged to content itself principally 
with preparing its monthly summary of meteorological phenom- 
ena in New England, and has made but few special studies. The 
monthly Bulletin has been issued since January in a revised 
form, which corresponds with the volumes of the Annals of the 
Harvard College Observatory. By an alliance with the Observ- 
atory, the permanent matter of each Bulletin is electrotyped, 
and will be reprinted as a part of the publications of the Ob- 
servatory, together with annual summaries and other matter 
prepared at the end of the year. This arrangement is of con- 
siderable advantage to the Society, because it ensures a more 
permanent record of the observations collected by the Society. 
It also materially lessens the cost of publishing the monthly 
Bulletin. The number of co-operating observers is about 150. 

The special investigations carried on by the Society have been 
confined to a continuation of the study of the distribution of 
precipitation in cyclones, for which the Trustees of the Eliza- 
beth Thompson Science Fund have furnished financial aid. As 
a part of this study, the great snow-storm of March 11-14, 1888, 
was studied, and a paper prepared, which was published in the 
May number of this JournaAL. The study of thunder-storms 
was not continued this year, on account of the absence of Pro- 
fessor Davis, and because the material collected in 1886 and 
1887 is not yet completely discussed. 

Three papers were read at this meeting. 

(1) On “Organic Matter in the Atmosphere,” by Miss Ma- 
rion Talbot, of Boston. Examinations of air may be micro- 
scopical, showing the solid particles of organic and inorganic 
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composition; biological, proving the presence of micro-organ- 
isms or germs; or chemical, indicating the quantities of impuri- 
ties both gaseous and solid present in the air. Of the impurities 
which claim the attention of the sanitarian, carbonic acid and 
organic matter stand out pre-eminently. Carbonic acid is not 
merely noxious in itself, if present in large quantities, but its 
amount in air contaminated by respiration is ordinarily accepted 
as the measure of the accompanying organic impurities. Or- 
ganic matter is acknowledged by all sanitarians to be the most 
harmful of the injurious components, because, even if it does 
not contain the specific germs of disease, it is, if in excess, the 
pabulum on which animal poisons feed, among which they in- 
crease and through the medium of which they spread. The 
determination of the amount and character of organic matter in 
air is therefore an important matter. One of the earliest meth- 
ods employed was based upon the decolorization of permangan- 
ate of potash by organic matter. The methods principally in 
use at present depend on a process by which nitrogenous com- 
pounds are decomposed and their amount estimated in terms of 
ammonia. The modifications have consisted in the use of dif- 
ferent absorbers, by means of which the organic matter was 
collected before distillation in alkaline permanganate. 
Experiments have proved that every process of transference 
may introduce an error, and the sum of these errors may be so 
large proportionately as to vitiate seriously the result. In the 
most delicate tests, in spite of the many precautions taken, ammo- 
nia was found in the distillate. An experiment showed that a few 
drops of water trickling over the tip of a finger gave as much 
free ammonia as several feet of air would give of total ammonia 
indicating that inadvertent or incautious handling might prove a 
serious source of error. A method was accordingly devised by 
which the air to be examined was treated directly with boiling 
alkaline permanganate without the intervention of an absorbent. 
The air was made to bubble slowly through the boiling perman- 
ganate by means of a platinum tube. During the passage of the 
air the Liebig’s condenser was inverted and the tube thereby 
sealed with condensed steam, which served to catch and return 
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tothe permanganate all organic matter which might have escaped 
decomposition at first. 

Various kinds of dust were distilled, in order to ascertain the 
amount of ammonia they contained. It was found that this 
amount decreased with the lapse of time, showing that oxidation 
had been going on and converting the dust into innocuous sub- 
stances during the time when it was exempt from fresh acces- 
sions to its amount. 

Air containing dust of known weight and composition was 
examined by the writer’s method, the accuracy of which was 
thus definitely determined. 

The figures obtained by the writer were somewhat smaller 
than those of previous investigators. As the positive errors of 
all the methods known seem to outweigh those on the negative 
side, at the present time it is impossible to estimate with cer- 
tainty the actual amount of organic matter present in the air. 
All results show that it is sosmall in ordinary air as to be immeas- 
urable with positive accuracy by chemical means, unless a larger 
amount of air is tested than is usually practicable, or the air is 
essentially foul. The positive effects of vitiated air are, how- 
ever, too well known to be ignored. The products of decom- 
posing animal matter may not of themselves produce disease, 
but they lower the vital processes and lay the system open to 
attack from other and more active agents. Among the most 
active are micro-organisms. They do not come from the breath, 
but are filtered off by respiration. Neither do they come in any 
large number from the clothes or skin of persons present in a 
room. Experiments show that the cleanliness of a house has a 
good deal to do with the number found in the air. 

The presence of an active toxic agent in expired air has been 
proved by Dr. Brown-Séquard. From the condensed watery 
vapor of expired air, estimated to be, for an adult, ten ounces in 
twenty-four hours, there has been obtained a poisonous liquid, 
which, when injected under the skin of a rabbit, produced almost 
immediate death. The effect thus produced was due to a chem- 
ical organic poison, and not to microbes. This pulmonary liquid 
has been boiled, and still produced the same effect, and it is now 
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almost certain that this organie volatile poison is an alkaloid. 
The final deductions are that the lungs produce a very energetic 
poison which is exhaled with the expired air, and it is extremely 
probable, if not positively certain, that it is this toxie agent 
which makes confined air dangerous. 

(2) “A New Self-Recording Rain Gauge,” by Mr. 8. P. Fer- 
gusson, of Blue Hill Observatory. 

In the construction of this instrument the object was to devise 
a simple apparatus for recording unmelted snow as well as rain. 
The precipitation falls through an eight iuch aperture into a 
rect iving pan supported by a spring balance. The weight of 
the precipitation depresses the balance, and a lever carrying a 


pen records the amount fallen on a eylinder revolved once in 


twenty-four hours by a clock. The record obtained is continu- 


ous, showing the times of beginning and ending, rate of fall 


and 
amount. The instrument requires attention weekly, to wind the 
clock, and after each day that precipitation occurs, to change 
the charts and empty the receiver. 

The action being direct, there is no loss from evaporation, as 
there would be if the snow was melted before measuring. The 
motion of the recording lever can be easily adjusted for any 
change in elasticity of the spring; also the pen is adjusted to the 
zero of the seale by suitable means. The instrument is placed out 
of doors for use, an outside metal case protecting it from dam- 
age by wind, ete. The liability to get out of order is very small, 
as few parts are used in construction; also the cost of manufac- 
ture will be small, compared with that of other instruments now 
in use. 

(3) “Diurnal Cloud and Wind Periods at Blue Hill Obsery- 
atory during 1887,” by Mr. H. Helm Clayton. 

During the last two years, hourly cloud observations have 
been taken at Blue Hill Observatory between the hours of 7 A. mM. 
and 10 p.m. For three months observations were also taken at 
11 p.m. Observations for a few scattered hours are missing, but 
otherwise the record is unbroken, and during 1887 observations 
were obtained at 5,678 hours. 

21 
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In the system of nomenclature used the clouds were referred 
to two types, viz.: a stratus type, characterized by great hori- 
zoutal extension and but little vertical height; and a cumulus 
type, characterized by considerable vertical height in propor- 
tion to horizontal extension. The different cloud forms were 
recorded under the following names: stratus type, cirrus, cirro- 
stratus, strato-cirrus, strato-cumulus, stratus, fog; cumulus type, 
cirro-cumulus, cumulo-cirrus, cumulus, cumulo-stratus. The 
name nimbus was not used, since the mere fact that rain is fall- 
ing from a cloud does not serve to describe the form of the 
cloud. ‘The writer has observed rain falling from every species 
of cloud, and even from a cloudless sky. The name cirro- 
cumulus was only applied to sheets of cloud composed of very 
small rounded or woolly masses high in the atmosphere; and 
large rounded or disk-like clouds intermediate in size between 
cirro-cumulus and cumulus were recorded cumulo-cirrus (called 
pallio-cirrus by Poey and alto-cumulus by some observers in 
Europe. See illustration in Signal Service Instructions to Vol- 
untary Observers. ). 

Strato-cirrus was applied to clouds resembling cirro-stratus, 
but lower and denser, being dense enough to hide the sun and 
heavenly bodies, and usually dark in color. Clouds were record- 
ed strato-cumulus which had considerable vertical height, like 
the cumulus, but greater horizontal extent (called cumulo-stratus 
by the observers of the Signal Service). Shower clouds of 


the cumulus type, with outspreading top, were called cumulo- 


stratus. The other forms of clouds were the same as those 
generally recorded under those names. 

In reducing the observations the clouds were referred to five 
five levels, viz.: cirrus level, including cirrus, cirro-stratus, and 
very high cirro-cumulus (when mixed with cirrus and cirro- 
stratus); cirro-cumulus level, including cirro-cumulus and high 
cumulo-cirrus; cumulo-cirrus level, including cumulo-cirrus and 
strato-cirrus; cumulus level, including cumulus, strato-cumulus, 
high stratus, and cumulo-stratus; stratus level, including low, 
ragged cumulus and strato-cumulus (scud), low stratus (em- 
bracing rain clouds of general storms), and fog. 
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According to measurements made at Upsala,* the following 
are approximately the mean heights in round numbers of these 
different levels: cirrus level, 9,000 meters (30,000 feet); cirro- 
cumulus level, 6,000 meters (20,000 feet); cumulo-cirrus level, 
2,800 meters (9,000 feet); cumulus level, 1,500 meters (5,000 
feet); sfratus level, 600 meters (2,000 feet). The writer be- 
lieves that all the clouds recorded in the stratus level at Blue 
Hill were under 3,000 feet in elevation,} and according to his 
measurements the cumuli varied in height between 2,000 and 
12,000 feet, with a mean height not varying greatly from that 
found at Upsala. 

During 1887 there were obtained approximately 1,590 hourly 
estimates of the quantity of clouds at the cirrus level, 917 at 
the cirro-cumulus level, 529 at the cumulo-cirrus level, 1,084 at 
the cumulus level, and 1,710 at the stratus level. The direction 
of motion of the clouds was recorded at about 2,830 observa- 
tions, the relative velocity at about 2,000, the direction in which 
the clouds were densest at about 5,000, and the radiation of 
cirrus bands at several hundred, making a total of about 16,000 
observations to be discussed, besides about 17,000 observations 
of wind velocity and direction. All of the cloud observations 
except at 171 hours were made by the writer, and are hence on 
a more uniform system than if taken by several observers. 

In order to determine the average cloudiness, the maximum 
quantity of cloud of any kind observed at each hour was taken,t 
and from these numbers the average hourly cloudiness was de- 
termined for the year, for the summer and winter half year 
separately; and also separately for the days on which the atmos- 
pheric pressure averaged below normal, and for the days on 
which it averaged above normal for the time of year. The 
results obtained are shown graphically by the top series of 
curves in the diagram (see page 327) accompanying this paper. 
The scale is given in percentages, total cloudiness being 100. 


The curve showing the average hourly amount of cloud when 


* Met. Zeitschrift, March, 1887. 
+ During general rain-storms the base of the clouds generally envelops Blue Hill, 
+ A few scattered missing hourly values were interpolated. 
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the pressure was below normal is marked /ow; and when the 
pressure was above normal, high. These curves show that the 
diurnal cloud period was similar under all the conditions exam- 
ined, the maximum of cloudiness being at 7 4. M., a secondary 
maximum about noon, and a decided minimum about 9 P. M. 
The amount of cloud was also averaged separately for each of 
the different cloud levels under the different conditions men- 


tioned above. Curves showing graphically the average hourly 


amounts at the different levels for the year are seen on the dia- 


? 


gram, except in the ease of the efrro-cumulus level, where a 
dotted curve indicates the amount for the year, and a continuous 
eurve the amount for the summer half year. For each level of 


cloud, averages were obtained separately for summer and winter, 


and for the times when the pressure was above and below nor- 


. . ° , ’ y , 
mal. Exeept in the ease of the etrro-emmulus level. where the 


time of maximum cloudiness proved variable, sul 


] 


same resul 


ts were obtained at each of the cloud levels 


each condition mentioned above as was obtained for the ) 
indicating that the diurnal period found for the year remained 
the same under all conditions. 

ln obtaining the averages for the slralus level the hourly sums 
were divided by the number of days in the month, so as to find 
the relation of the amount of lowest clouds to the total cloudi- 
ness, and it will be seen from the curves ‘that the amount of 
lower clouds was equal to nearly half of the total cloudiness. 
In obtaining the averages for each of the other lev« ls, the sums 
were divided by the number of days on which the clouds at that 
level were visible. 

On examining the curve of average cloudiness of the sfratus 
level, it is seen that the lowest clouds reached their maximum 
quantity in the night and their minimum in the afternoon. The 
curves for the other levels reached their maximum in the after- 
noon, beginning with the cumulus about 1 Pp. M. and occurring 
progressively later until the maximum of cirro-cumulus and 
cirrus is reached about 5 Pp. M., suggesting that the ascending 
currents which cause the cumulus clouds progress upward dur- 
ing the afternoon until the cirrus level is reached. 
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In obtaining for the different levels the hourly averages which 
are shown by the curves, only those days were used when the 
upper clouds were not so hidden by the lower clouds but that 
some estimate of the quantity of the upper clouds could be ob- 
tained all day. There were, however, a number of days on 
which the upper clouds were bidden a part of the day, or were 
perhaps only visible an hour or two during the day. In order 
to average these results, all those days were selected on which 
there were observations for at least two consecutive hours. The 
differences in the quantity of each level of cloud observed at 
each hour showed when averaged how much the cloudiness at 
each hour differed from that at the preceding hour. The num- 
ber of observations were only a few hundred, but the results 
obtained for each level of the upper clouds, viz., cirrus, cirro- 
cumulus, and cumulo-cirrus, were very similar, and agreed in 
showing that the cloudiness at these levels decreased until 9 or 
10 a. M., increased after this rapidly until noon, remained nearly 
stationary for three or four hours, then decreased rapidly, and 
reached a decided minimum between 7 and 9 p.m. The early 
afternoon maximum apparently indicates that when the lower 
ascending currents are strong, the maximum quantity of upper 
clouds occurs earlier than at other times. 

The direction from which the clouds moved was measured by 
means of a cloud mirror divided to degrees of are; and the rel- 


ative velocity of the clouds was measured by holding the retina 


of the eye seven inches above the surface of the mirror and 


ascertaining how many quarter inches the cloud image moved 
across the surface of the mirror in a minute. In order to aver- 
age the relative velocity, it was ascertained how much that 
observed at any hour differed from that observed at the preced- 
ing hour, and these residuals were averaged. The relative 
velocities for the hour at which there was the greatest number 
of observations were also averaged. Then by means of the 
residuals the average was obtained for each hour between 7 A. M. 
and 10 p. M., and is shown graphically on the diagram. The 
number of observations was greatest during the summer months, 


and since no correction is made for this, the average relative 
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velocity given is lower than if the number of observations had 
been equal during summer and winter. 

The relative velocity bears a direct relation to the actual veloc- 
ity of the clouds, and if the height of the cloud be known, the 
actual velocity of the cloud can, according to geometrical prin- 
ciples, be calculated from the relative velocity. The following 

R. v. x 
2782 


in miles, R.v. the relative velocity in quarter inches, and h the 


h. , a: : ; 
, in which v is actual velocity of the cloud 


formula, v 


height in feet, gives very closely the same velocity for the cum- 
uli as that found by watching the movement of the shadows of 
the cumuli across the country surrounding Blue Hill. Suppos- 
ing the average height of the cirrus and cirro-stratus at Blue 
Hill to be approximately the same as that found in summer at 
Upsala, viz., 9,000 meters, the actual velocity can be calculated 
approximately from the relative velocity, and is found as follows: 


ax, 1 8DPMRWI.29 &€ 45 6 P=. 
MEAN, 66 67 69 69 70 69 72 72 71 70 69 69 MILEs. 


These are comparatively rough approximations, but the writer 
does not believe they will differ ten miles from the true veloci- 
ties, and are probably less rather than in excess of the true 
average velocities at the cirrus level. 

The writer finds that hourly cloud observations, or observa- 
tions at intervals of two or three hours, have been taken at the 
following places: 

Europe.*— Coimbra, Madrid, Perpignan, Tiflis, Turin, Vienna, 
Crefeld, Dorpat, Helsingfors. 

Asia.*— Zikawei, Bombay. 

East Indies.— Batavia. 

Africa.*— Malange, Pungo Andongo. 

North America.— Washington, Blue Hill, Los Angeles, Point 
Barrow. 

Australia.— Melbourne. 

The observations show that at every one of these stations ex- 
cept Los Angeles, the minimum cloudiness occurs in the evening 


* est. Zeitschrift, Vol. XX, p. 242. 
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between 9 o’clock and midnight. The cloudiness at Los Ange- 
les follows very closely the same period as that of the lowest 
level of cloud at Blue Hill, and no doubt because low clouds 
and fog are the prevailing clouds at Los Angeles. At all except 
one or two of the stations the maximum of cloudiness occurred 
either near the coldest part of the day or near noon. At most 
of the stations there were two maxima and minima, one near the 
coldest part of the day and one near noon, the Jatter being gen- 


erally the chief maximum. 
DIURNAL WIND PERIODS. 


The hourly wind directions for 1887 were obtained from a 
self-recording Draper anemoscope, and tabulated to the nearest 
5° of azimuth. By means of this table it was ascertained how 
often the wind direction at each hour differed from that of the 
preceding hour, and whether it veered or backed. A continuous 
curve at the lower part of the accompanying diagram shows how 
often the wind veered each hour, and a dotted curve how often 
it backed. (The seale for the latter is the one nearer the center 
of the diagram. ) 

The remaining curves show the average hourly barometer, 
temperature, and wind velocity for 1887. It is seen from the 
eurves that the number of times the wind veered and backed 
went through a double diurnal period closely corresponding with 
the double diurnal periods of the barometer. The wind veered 
most frequently while the diurnal waves of high pressure were 
passing, and backed most rapidly while the diurnal waves of low 
pressure were passing. 

In order to farther study the diurnal period in direction, the 
number of times at each hour the wind blew from each 10° of 
azimuth, and from each of the eight points of the compass, was 
carefully counted and tabulated. These tables showed that the 
wind blew most frequently from the south, southeast and south- 
west during the evening between 7 and 10 o’clock. There were 
two maxima from west, one at 1 A. M. and one at 4p. mM. The 
maximum from northwest occurred at 10 A. M., and from north 
at4 a.m. The maximum from northeast occurred about noon, 
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and from east at 2 p.m. The table in which was given the hourly 
winds for each 10° of azimuth showed that on an average the 
winds veered regularly from about north in the early morning 
through east, about the warmest part of the day, to south by 
evening. 

That the greatest number of winds from east should occur at 
the time of maximum temperature, and that there should be a 
maximum frequency of west winds about 1 A. M., is readily ex- 
plained by the sea and land breezes. The wind, however, blew 
from the north during the night and early morning nearly three 
times as often as during the afternoon and evening; and the 
wind blew from the south during the afternoon and evening 
nearly three times as often as during the night and morning. 
In order to ascertain if there was any force acting from these 
directions which would make itself felt in the wind velocity, 
the daily maximum wind velocities for 1887 were arranged 
according to the hour of occurrence, and the frequency with 
which the wird came from the eight points was ascertained and 
expressed in percentages. These showed that maximum veloci- 
ties from the south occurred most frequently in the evening, 
maximum velocities from the west occurred most frequently 
about 1 a. M. and 3 Pp. M., maximum velocities from the north 
most frequently about 6 a. M., and maximum velocities from the 
east most frequently in the forenoon. 

These results correspond closely with what has been found 
elsewhere. At Madrid* it has been found that north winds 
occur most frequently at night, east winds most frequently near 
noon, southerly winds most frequently in the afternoon, and 
westerly winds in the evening. At the high mountain stations, 
Obergipfel and Santis, in Europe,t it has been found that the 
wind blows most frequently from north about midnight, from 
east in forenoon, from south about midday, and from west in 
the evening. The observations under the direction of Dr. 
Gould, at Corrientes, Concordia, San Luis, and Villa Occidental, 
in South America, show that northerly winds occurred most fre- 


*Sprung’s ** Meteorologie,”’ p. 348. 


Vest. Zeitschrift. 
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quently during the day, and southerly winds most frequently at 
night. These stations, then, both in the northern and southern 
hemisphere, unite in showing that there is a tendency for the 
wind to blow outward from the place where the sun shines most 
vertically. At the mountain stations in Europe the direction is 
directly outward from the sun, that is, from the east, about sun- 
rise, from the south at noon, from the west at sunset, and from 
the north at midnight. At the lower stations, and especially at 
Blue Hill, the maximum effect seems to lag several hours behind 
this. The cause of this general outward movement of the atmos- 
phere from the sun is no doubt due to the sun’s heat. The part 
of the atmosphere which is being heated by the sun’s rays ex- 
pands in every direction; and since the atmosphere is a thin 
shell only a few miles in height, while it is thousands of miles 
in horizontal extent, the expansion of the air in a horizontal 
direction must be quite large, and outward from the place of 
greatest heat, or where the sun shines most vertically, toward 
the opposite side of the earth. This is exactly what the observa- 
tions seem to indicate. 

It certainly seems that such atmospheric movements would 
affect the barometer, and the writer thinks that the existing 
observations, especially those obtained at continental stations, 
indicate a tendency toward a single diurnal oscillation of the 
barometer, with a minimum about the warmest part of the day, 
and a maximum about midnight; and this is combined with a 
regular double diurnal oscillation of the barometer, due to some 
other cause. 

The observations on the direction of movement of the clouds 
have not yet been reduced, but there is distinctly visible in the 
unreduced observations a tendency for the cirrus to move from 
a more westerly direction, and, as shown before, with a greater 
relative velocity during the middle of the day than during the 
morning and evening. This no doubt results from the vertical 
expansion of the air by the sun’s heat, which is greatest in the 
equatorial regions, and causes an increased gradient in the upper 
air between the equator and poles during the day. When the 
friction is small, as it is in the upper air, an increase of gradi- 




















New England Meteorological Society. 331 


ent tends to make the wind blow with increased velocity, and 
more nearly at right angles to the gradient; and this seems to 
explain perfectly the increased velocity and more westerly direc- 
tion of the cirrus during the middle of the day, which the 
writer thinks is clearly indicated by his observations. 


SUMMARY. 


The above discussion of the Blue Hill observations seems to 
warrant the following conclusions: 

Ist. Clouds which float below the level of 2,000 feet (sfratus 
level) vary in amount inversely as the temperature, and directly 
as the humidity near the earth’s surface—the maximum of 
cloudiness occurring about the coldest part of the day, and the 
minimum at the warmest. 

2d. Clouds between 2,000 and 10,000 feet elevation (cumulus 
level) vary in amount directly as the temperature—the mini- 
mum occurring in the night and the maximum near noon. 

3d. Clouds above 10,000 feet (upper clouds) vary in amount 
inversely as the diurnal pressure—the minimum of clouds oc- 
curring about the times of maximum pressure, and the maxi- 
mum cloudiness about the time of minimum pressure. 

4th. The times of maximum cloudiness of the middle and 
upper levels during the afternoon successively follow the time 
of maximum cumuli in such a manner as to suggest slowly 
ascending currents from the lower to the upper levels. 

5th. The diurnal change in cloudiness found at one or two 
stations in the world, as at Los Angeles, and at Tiflis in autumn 
and winter, closely resembles the diurnal period found in the 
stratus level at Blue Hill; while the diurnal change in cloudi- 
ness at a few other stations, such as Madrid, closely resembles 
the diurnal period found in the cumulus level at Blue Hill. 

6th. At most places in the world the average cloudiness goes 
through a diurnal change in quantity closely resembling what 
would be a combination of the diurnal period of the stratus with 
that of the cumulus level. At these stations there is a double 
maximum and minimum, the chief maximum generally occur- 
ring about noon, and the chief minimum in the evening. 
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7th. The lagging of the time of maximum cloudiness at some 
stations, as Bavaria, seems to indicate an influence of the upper 
clouds in determining the maximum; but in general these clouds 
are so much hidden as not to have a great effect on the mean 
cloudiness. 

8th. The winds at Blue Hill veer most fraquently when the 
diurnal waves of maximum pressure are passing, and back most 
frequently when the diurnal waves of minimum pressure are 
passing. 

9th. Certain changes in the directions of the wind and of the 
upper clouds at Blue Hill indicate effects resulting from a diur- 
nal expansion of the earth’s atmosphere, both laterally and 


vertically, by the sun’s heat. 





CURRENT NOTES. 


Loan EXHIBITION OF METEROLOGICAL APPARATUS AND PHO 
roGRAPHS.—F rom a cireular issued by Professor Upton we learn 
that the New En 


a Loan Exhibition of meteorological apparatus, photographs, 


land Meteorological Society proposes to have 


g 
etc., at the Institute of Technology, Boston, in connection with 
its fourteenth regular meeting in January, 1889. For this pur- 
pose the Society invites contributions to any of the following 


groups of articles: 


Gdvoup Ll. Meteorological Apparatus: 1. Thermometers, burometers, 
sunshine and cloud instruiments, anemometers and wind vanes, rain 
gauges and hygrometers; 2. Electrometers and apparatus connected 
With atmospheric electricity; 3. Seismometers and instruments not 
included in the above classes. 

Group Il.—Photographs: 1. Photographs of lightning; 2. Photo- 
graphs of clouds; 8. Photographs of meteorological apparatus and 
observatories: 4. Photographs of buildings demolished by wind, tornado 
trucks, overturned trees, ete. 

Group I1ll.-—Charts and Specimens: 1. Charts and maps; 2. Objects 
damaged by wind, lightning, hail, frost and heat. 


Articles should be sent to A. Lawrence Rotch, Physical 
Department, Massachusetts Institute of Technology, Boston, 
by prepaid mail or express, not later than January 12, 1889, and 
preferably immediately. To each article should be attached a 
eard with the name and description of the article and the name 
and address of the contributor. The sender’s name and address 
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should also ba placed upon the outside of the package. Every 
contribution will be acknowledged upon its receipt, well cared 
for, and, unless otherwise ordered, returned at the owner’s ex- 
pense and risk at the close of the exhibition. 

Communications regarding the exhibition should be marked 
“Loan Exhibition,” and addressed to A. Lawrence Rotch, Blue 
Hill Observatory, Readville, Mass. 

HyGromEerry OF BEN Nevis.— In the Proe. Noy. Soe., Edin- 
burgh, for 1886, p. 950, we find an interesting scries of observa- 
tions of wet and dry bulb thermometers and Chrystal’s con- 
densing hygrometer. The psyechrometer was unventilated and, 


1 


moreover, the bulbs were spl rical and 4 in. in dian eter. lt is 


] 


now admitted that no comparisons of any value can be made 


except with a thoroughly ventilated psychrometer and eylindri- 
eal bulbs from two to three millimeters in diameter and 25 long. 
The condensing hygrometer was manipulated with a mixture of 
ice and snow at low temperatures. In the psychrometrie for- 
mula: 

’ { 5.9 A (f—f’) 


4 


A was found to vary from .00161 to .00066, and there was quite 
a marked jump to a /arger value at temperature below freezing. 
The observations when computed by the formula experimen. 
tally determined in this country, show errors in the computed 
dew point from 8° below to 11° above that observed by Chrys- 
tal’s hygrometer. In the numbers of this journal for January 
and February, 1885, there is a paper by Mr. Hazen on this ques- 
tion, in which the value of A varied only from .00060 to .00074, 
except in two cases when the air was nearly saturated, and there 
was no jump at all in going from water to ice. 

Ben Nevis is an exceedingly important station for researches 
of this kind, and has an enthusiastic corps of observers. It is 
to be hoped that these observations will be taken up again with 
a sling psychrometer, and either an Alluard or a Regnault con- 
densing hygrometer. 

We find a recent interesting confirmation of the experimental 


results obtained in this country. Dr. Sprung in Germany has 
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published in “Das Wetter” for May, 1888, p. 105, a series of 
comparisons between a Regnault’s condensing hygrometer and 
an aspiration psychrometer devised by Dr. Assmann. Although 
the latter instrument is very different in its action from the 


sling psychrometer, yet the value of A obtained by Dr. Sprung 


.00067 agrees exactly with the one determined here. 


Puorocrapus or Licutnina.—The first report of the Thun- 
der-storm Committee of the Royal Meteorological Society has 
just been issued. It is interesting aside from its scientific value, 
to the general reader, in that it deals with a new and fascinating 
method of attacking problems of atmospheric electricity. 

About sixty photographs of lightning flashes were received 
by the Society, in answer to an invitation extended in June, 1887; 
and these were exhibited at a meeting of the Society held in 
March of this year. These photographs were received from all 
parts of the world, and it is extremely gratifying to note the 
large number received from America. 

The tone of the Report is one of marked conservatism, and 
there is no attempt to give us the why and wherefore lightning 
should assume so many different appearances. The result of 
the Society’s efforts, however, is the establishment of a great 
deal of evidence, in accord with which will have to be any 
theorizing we may wish to indulge in. 

Without doing more than generalizing, it appears that light- 
ning flashes, or better, discharges of an electrical nature, in the 
air are of many different appearances. Of these different types, 
the Report notes these as most prominent: 

1. Stream lightning, or a plain, broad, rather smooth streak 
of light. 

2. Sinuous lightning, where the flash keeps in some one gen- 
eral direction, but the line is sinuous, bending from side to side 
in a very irregular manner. In this it is noticeable that the 
thickness of the line varies during the course of the discharge. 
Sometimes the thinnest part of the white streak is the highest, 
and the flash appears to get thicker as it approaches the earth; 
at other times, a flash in the air begins thin, broadens out in the 
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middle, and fines away again at the further extremity. The 
Committee offer no explanations at present, but call attention to 
the fact that in some photographs of electric sparks taken from 
an induction coil, those of high tension are thinner than those 
of low tension. 

3. Ramified lightning, in which part of the flash appears to 
branch off from the main streak, like the fibres from the root of 
the tree. 

4. Meandering lightning. 

5. Beaded or chapletted lightning. 

3. Ribbon lightning. 

The Committee have not yet in their possession any conclusive 
evidence “as to whether the same flash may be normal [ sic] in 
one portion and ribboned in another portion of its course. Here 
is a chance for our photographers. We understand, of course, 
that only two directions can be shown on the plane of the plate 
or paper, while a flash of lightning, we have reason to believe, 
is a movement in space, and not confined to two dimensions. 
Herein too many rest the explanation of the apparent thicken- 
ing of the flash in certain parts of its path.” 

The Committee do not intend, it is to be hoped, to stamp the 
terms above used as class names upon different appearances of 
a lightning flash, but use these various terms merely as an aid 
in description. Otherwise, we might soon have established a 
nomenclature for lightning flashes as involved and confusing as 
the older cloud nomenclature. 

One anomalous appearance is recorded where the photograph 
shows five ordinary white flashes and one dark streak of pre- 
cisely the same character as the bright streaks. A purely me- 
chanical explanation is offered, attributing it to an intense flash 
and resulting over-exposure, but this should not be allowed to 
pass unchallenged, as we may find there are really dark flashes, 
that is, a flash of such character as to affect the plate in this 
manner. We have met with dark areas in luminous flames. 

We cannot let the opportunity pass, of calling attention to an 
admirable suggestion of Doctor Oliver J. Lodge,* on the use of 
a rapidly moving camera, in photographs of this nature. “A 
camera revolving at any ordinary pace would probably give each 
single flash unaltered, and might also analyze multiple and 
complex flashes into their constitaents.” 


* Nature, July 12, 1888, 
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“Qne good method, if not too troublesome, would be to 
arrange a double camera, with component axes parallel, so as to 
photograph the same flash in both halves, but with the sensitive 
plate in one fixed and in the other rapidly revolving.” 

The writer wishes to suggest to photographers the great desir- 
ability of photographs of auroral and the common forms of heat 
lightning. Though lacking at first glance the attractive features 
of the more pronounced forms of electrical discharges, they will 
be found in the long run the more interesting and valuable, just 
as they will prove most troublesome to obtain. 

The photographie reproductions and autotypes accompanying 
the Report of the Royal Society's Committee enhance creatly 
its interest and worth. 

The Report was drawn up by the Hon. Ralph Abereromby. 


A. M. 


Hor Sprines AND Frost Work. Six miles north of ‘Steam- 


boat Springs,” in Northe rn Colorado, are some hot springs Ol 


which we find the following interesting notes in an anonymous 


1 


letter in the Minimg and Scientific Review : 

“These springs issue from rents in the granite formation on 
both sides of a clear, cold mountain stream, well stocked with 
trout. The water is slightly mineralized, perfectly clear and 
boiling hot. Eggs are speedily cooked *by placing them in 
the water where it can tlow over them, and coffee made by put- 
ting cold water and ground coffee in a pot and setting the pot 
in one of the springs. On the south is a dense green forest of 
pine, oak and aspen that shelters many elk and deer, and on 
the north the mountains resemble those around Sunshine, in 

3oulder county. On this side of the gulch we find the earliest 
wild flowers and grass, while on the other side the snow lies 
long and deep among the stately pines. 

“This is a great winter resort for elk and deer that winter 
near there; and while the snow is deep elsewhere, it is dry and 
dusty around the springs, resembling a well-used cattle pen. 

“The springs are surrounded by tall green pines and firs, 
which in winter gather the frost or frozen steam from the hot 
water, which makes them look as if they were carved out of the 
whitest marble. Oolumns of this frost work reach from the 
points of the lower branches to the ground, and beautiful grot- 
toes are thus formed that one can readily imagine are peopled 
by fairies.” 





FLAN DBOOK 


[Meteorological ‘Tables. 


By H. A. ‘HAZEN, 
ASSISTANT PROFESSOR SIGNAL OFFICE. 


This Handbook contains forty-seven tables, all that are 
needed by the working meteorologist. It includes tables for 
Fahrenheit and Centigrade conversions, for barometric hyp- 
sometry and reduction to sea level, for the psychrometer, for 
wind reductions, for conversion of English and French meas- 
ures, and a collection of miscellaneous tables of especial value 
in meteorological work. Tables containing monthly normals 
of pressure, temperature and wind direction for the United 
States, embodying nearly fifteen years’ observations, are added, 
together with charts of these normals for January and July. 

Many of these tables are now published for the first time, 
and a large number of the old tables included have been recom- 
puted or revised and, in some cases, extended. Especial men- 
tion is made of the following: Determining the mean wind 
direction by Lambert’s formula without logarithms; reduction 
to sea level up to 8,000 ft.; dew point and relative humidity for 
air temperatures from —40° F. to 140°; Wolf’s monthly sun 
spot numbers from 1800 to 1886; local to standard time: divid- 
ing by 28, 29 and 31. Problems relating to the amount of vapor 
in the atmosphere can be solved readily, from readings of the 
dry and wet bulb thermometers, by means of the psychrometric 
tables. 

The form adopted for the different tables is based on their 
practical application in meteorological work, and will be found 
well suited for rapid and accurate calculation. In every instance 
the latest formuls and values of constants have been introduced. 

Handbook of Meteorological Tables. 127 pp. 8°. Price 
$1.50. For sale by all book dealers, or will be sent postage 
paid, on receipt of price by the author, Box 427, Washington, 
D. C., or by the publisher, K. Kittredge, Ann Arbor, Mich. 

Remittances should be by money order, postal note or bank 
check. 

Mr. Waldo, in The American Meteorological Journal, for October, 
1888, says: “I heartily recommend them to all of our workers in mete- 


orology, and do not see how any of our American meteorologists can 
afford to be without a copy.” 














DRAPEP’S SELF-RECURDING THERMOMETER. 


DESCRIPTION OF THE INSTRUMENT 
AND DIRECTIONS FOR ITS USE. 


De pai, prarers 


1 etn an 


4 1 Wag PATENTED 18 " 
FTHE Draper MFG Co. 
152 FRONT''ST, 
NEW YORK. 





TAT TTA ARR 





SIZE 14 BY 20 INCHES. 
Protected by Letters Patent in the United States, Can ida, Gre it Brital: 
France, Germany, Austria, Hungary and Belgium. 


STANDARDIZED AND WARRANTED. 


This thermome’er 


gives a permanent 


and continuous rec- 


ord in ink of the 
temperature. The 
chart indicating 
hours of the day and 
the week, 
gives the degrees of 
temperature from 20° 
110° 
instru- 


days of 


below zero to 
above. All 
ments are accurately 

and war- 
The record 
is easily read and ab- 
solutely correct. Sold 
by, the leading in- 
strument dealers and 
opticians throughout 
the United Statesand 


Canada, and by 


adjusted 
ranted. 


The DRAPER 
MANUFACTURING CO., 


Owners of the United 
States and foreign 


MANUFACTURED BY THE 


DRAPER MANUFACTURING 


MICHIGA 


patents, 152 Front 


COMPANY, Street, New York. 


152 FRONT STREET, NEW YORK CITY. 


BAILEY'S 40 INCE COSMOSPRORE 


With metal coverings and constellation 
figures is worth “all the Globes and Tel- 
lurians ever constructed for making 
plain the causes of Celestial phenomena.” 
“The constellations and their motions 
are shown in correct position and not 
reversed as in the ordinary Celestial 
globes.” 

“The changes of seasons and varying 
length of daysare clearly shown.” “An 
indispensable help in teaching Astro- 
nomical facts.” 

Correspondence solicited with one 
good teacher in each State who has the 
ability to sell goods and time to devote 
to it. Address 


N SCHOOL FURNITURE CO., 


Northville, Wayne Co., Mich. 

















ipolBLE AAC. Ny ACURATE 


Sinch Dial. {ame iy 8 inch Dial. 


(Metallic.) 


Special Thermometers for Meteorologists with or without Telemeter 
attachments 


AGENTS: 


THE FAIRBANKS SCALE HOUSES 


In the principal cities of the United States. 


Medical and Surgical Sanitarium, Battle Creek, Michigan. 


THE LARGEST SANITARIUM IN THE WORLD. 


This Institute has for many years enjoyed an increasing patronage from all parte of 
the United States and Canada, during which time more than 10,000 Patients have enjoyed 
the benefits of its unrivaled facilities for the treatment of all forms of Chronic Diseases, 
including special departments for the Eye, Ear, Throat, and Lungs, together with dis- 
eases peculiar to each sex. Every Remedial Agent of Known Valueis Employed. 


The managers have apenas no expense to perfect the appliances of the Establishment 
to the highest degree, and regardless of cost; and a personal acquaintance with the lead- 
ing Sanitariums of both this country and Europe, enables us to say that no where else in 
the world can the invalid in search of health find so great an assemblage of means and 
appliances for combating disease as found here. 


Address, for circulars and further information, inclosing stamp, 
SANITARIUM, Battle Creek, Mich. 











